Purpose Although the incidence of thyroid cancer in Korea has rapidly increased over the past decade, few studies have investigated its risk factors. This study examined the risk factors for thyroid cancer in Korean adults.
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Introduction
According to the World Cancer Report 2014, thyroid cancer is one of the less frequent cancers worldwide [1] . Its incidence, however, has increased almost two-fold over the past few decades, due mainly to the increased detection of thyroid cancer using thyroid ultrasonography [1, 2] . In particular, the incidence rate of thyroid cancer in South Korea in 2011 was 15 times higher than in 1993 [3] .
Although the precise causes of thyroid cancer remain unclear, a few risk factors, such as exposure to radiation, sex (women), and a diet low in iodine (follicular thyroid cancer) are known to increase the risk of thyroid cancer [4] . Recently, several lifestyle factors have been suggested to have an association with the risk of developing thyroid cancer from the findings of observational studies. According to Schmid et al.'s meta-analysis [5] of case-control and cohort studies in 2013, there was no overall significant association between physical activity and thyroid cancers, even though subgroup analyses revealed inconsistent findings according to the study design. In 2012, Zhao et al. [6] reported that overweight and obesity increased the risk of thyroid cancer significantly (by 18%) from the findings of a meta-analysis of seven cohort studies. On the contrary, unlike other cancers, a pooled analysis of five prospective studies in the United States suggested that cigarette smoking and alcohol consumption were associated with a decreased risk of thyroid cancer [7] . In addition, Cho and Kim [8] reported that the risk of thyroid cancer was decreased by 21% in ever-smokers compared to never-smokers when they performed a metaanalysis of 31 observational studies [8] .
As described before, the age-standardized incidence of thyroid cancer in Korea women (88.6 per 100,000) has increased rapidly and is the highest among all countries in the world (20 per 100,000 for the United States, 12.7 for Australia, and 6.1 per 100,000 for world) [9] . Despite this, few studies have reported the risk factors for thyroid cancer in Korean adults. Moreover, the sample sizes of previous casecontrol studies on this issue were small. This study examined the risk factors for thyroid cancer in Korean adults using a hospital-based case-control study.
Materials and Methods
Study population
A large hospital-based case-control study was conducted using the data from the Cancer Screenee Cohort of the National Cancer Center in South Korea. All participants were men and women aged between 30 and 70 years, who underwent health screening examinations including thyroid ultrasonography. All the participants were asked to complete a self-administered questionnaire about their sociodemographic characteristics (e.g., age, education, occupation, household income, and marital status), cigarette smoking habits, alcohol drinking habits, and their regular exercise habits. A total of 34,211 participants provided written informed consent for study participation between August 2002 and December 2011.
Case and control selection
The thyroid cancer cases were defined based on the International Classification of Diseases for Oncology (ICD-O) (code C73) and were ascertained by a linkage to the Korea Central Cancer Registry (KCCR) database, which has been used to identify the incidence of cancer in Korea. Among the 828 thyroid cancer patients, a total of 802 patients were finally selected after excluding those who did not answer the questionnaire.
The controls were selected from the same cohort with 34,211 participants, who underwent health screening examinations including thyroid ultrasonography. Among the potential controls (n=31,453) who were not diagnosed with any cancer including thyroid cancer, 2,962 participants were excluded due to missing questionnaires or insufficient information on their residential areas. From the remaining 28,491 participants, using an incidence density sampling method, one control was selected randomly for each thyroid cancer case from the appropriate risk sets consisting of all study participants, free of cancer. Those in control group 1 were matched individually to the cases according to age (within 2 years) and residential area (Seoul, Gyeonggi, Gangwon, Chungcheong, Jeolla, Gyeongsang, Jeju, North America, and other Asian countries). In control group 1, sex was not included as a matching variable to determine if sex is associated with the risk of thyroid cancer. In addition, the controls for control group 2 were matched to cases by age (within 2 years), residential areas Seoul, Gyeonggi, Gangwon, Chungcheong, Jeolla, Gyeongsang, Jeju, North America, and other Asian countries), and also sex to reduce the confounding effect of sex. A total of 802 incident cases and 802 controls were included for the final analysis. The study procedure including the linkage to the KCCR database was approved by the institutional review board of the National Cancer Center (NCC2014-0096).
Statistical methods
To assess the association between the risk factors and thySeung-Kwon Myung, Risk Factors for Thyroid Cancer roid cancer, conditional logistic regression models were used to calculate the odds ratios (ORs) and 95% confidence intervals (CIs) using univariate and multivariate analyses. The multivariate conditional logistic regression models were adjusted for sex (female vs. male), body mass index (BMI, kg/m 2 : < 23, 23-25,  25), family history of cancer (first degree relative: yes vs. no), family history of thyroid cancer (first degree relative: yes vs. no), education (college or above, high school vs. middle school or below), occupation (agriculture/ laborer/unemployed/others, sales/service, profession/ office worker vs. housewife), monthly household income (> $3,706 or $1,853-$3,706 vs. < $1,853), marital status (divorced/widowed, unmarried vs. married), alcohol consumption (ever-drinker, current drinker, former drinker vs. nondrinker), and smoking status (ever-smoker, current smoker, former smoker vs. non-smoker). In addition, the CochranArmitage test for trend was conducted to investigate the relationship between increasing exposure to smoking and thyroid cancer risk. All the analyses were performed for both control groups 1 and 2. The goodness of fit of a model was measured by the generalized R 2 statistic that Allison discussed [10] as follows:
, where likelihood ratio test statistic (LRT)=-2logL(0)-[-2logL(p)], n is the sample size, logL(0) is the log-likelihood for a null model with no covariates, and logL(p) is the loglikelihood for the fitted model with p covariates. All statistical analyses were performed using SAS ver. 9.3 software (SAS Institute Inc., Cary, NC). Table 1 lists the distribution of the general characteristics among the 1,604 participants with thyroid cancer (n=802) and control cases (n=802) in the control group 1 according to sex, BMI, family history of cancer, family history of thyroid cancer, education, occupation, monthly household income, marital status, alcohol consumption, and smoking status. In univariate analysis, females (OR, 2.97; 95% CI, 2.38 to 3.71), family history of thyroid cancer (OR, 3.64; 95% CI, 1.87 to 7.09), and divorced or widowed (OR, 2.38; 95% CI, 1.54 to 3.67) were associated with an increased risk of thyroid cancer, whereas a family history of cancer, higher education levels, other occupations (other than housewife), higher monthly household incomes, alcohol consumption, and eversmokers were associated with a decreased risk of thyroid cancer (Table 1) . Table 1 also lists the findings from multivariate conditional logistic regression analysis adjusted for sex, BMI, family history of cancer, family history of thyroid cancer, education, occupation, monthly household income, marital status, alcohol consumption, and smoking status. The results showed that females (OR, 2.08; 95% CI, 1.26 to 3.45) and a family history of thyroid cancer (OR, 4.39; 95% CI, 1.73 to 11.15) were more likely to have an increased risk of thyroid cancer, whereas higher household incomes (> $3,706 vs. < $1,853; OR, 0.59; 95% CI, 0.36 to 0.98) and ever-smokers (OR, 0.62; 95% CI, 0.44 to 0.86) were more likely to have a decreased risk of thyroid cancer. On the other hand, there was no significant association observed with BMI, family history of cancer, education levels, occupational, marital status, and alcohol consumption.
Results
In multivariate conditional logistic regression analysis according to the smoking history, compared to non-smokers, there was a dose-response relationship in the ever-smokers between the years of cigarette smoking and a decreased risk of thyroid cancer (OR, 0.87; 95% CI, 0.50 to 1.50 for  10 years; OR, 0.61; 95% CI, 0.39 to 0.95 for 11-20 years; OR, 0.59; 95% CI, 0.37 to 0.95 for 21-30 years; OR, 0.62; 95% CI, 0.35 to 1.10 for > 30 years; p-value for trend=0.019) ( Table 2 ). On the other hand, no dose-response relationship was observed for the age when they started to smoke and the number of daily cigarette smoking. Table 3 lists the general characteristics of the study participants with the same case group and the control group 2 in univariate analysis and multivariate conditional logistic regression analysis. In multivariate conditional logistic regression analysis, a family history of cancer and alcohol consumption were associated with a decreased risk of thyroid cancer, whereas a higher BMI and a family history of thyroid cancer were associated with an increased risk of thyroid cancer. Unlike the findings from multivariate analysis using control group 1, smoking was not associated with a risk of thyroid cancer.
Discussion
This hospital-based case-control study found that females and those with a family history of thyroid cancer had an increased risk of thyroid cancer. In contrast, ever-smokers and those with higher household incomes were more likely to have a lower risk of thyroid cancer. In particular, an inverse dose-response association was observed between the years of cigarette smoking and the thyroid cancer risk. When the analysis was performed using the control group matched by sex as well as age and residential areas, alcohol consump- Adjusted for sex, body mass index, family history of cancer, family history of thyroid cancer, education, occupation, monthly household income, marital status, smoking status, and alcohol consumption; R tion was significantly associated with a decreased risk of thyroid cancer. Overall, these findings are consistent with those of previous studies and reports on the general characteristics and risk factors of thyroid cancer. According to the GLOBOCAN 2012 of the International Agency of Research on Cancer, the age-standardized incidence rate of thyroid cancer worldwide was approximately 3.2 times higher in women than in men: 6.1 per 100,000 and 1.9 per 100,000, respectively [11] . In addition, the incidence data obtained from the Korea National Cancer Incidence Database showed that age-standardized incidence rates per 100,000 were 102.4 in women and 23.0 in men [12] , which were approximately 4.5 times higher in women than in men. These results show that thyroid cancer is 3-4 times more common in women than in men. This study also showed that the risk of thyroid cancer was more than 2 times higher in women than in men.
The reasons for the difference in incidence between men and women is unclear. However, estrogen, which is one of the two main female sex hormones, might explain the sex difference in the incidence of thyroid cancer. Several studies have shown that the estrogen levels might be associated with the risk of thyroid cancer. For example, although the frequency of differentiated thyroid cancer (papillary or parafollicular thyroid cancer) in girls was similar to that in boys up to the age of 12 years, with the onset of puberty, it increased in girls [13] . In addition, pregnancy was associated with an increased risk of thyroid cancer [14, 15] . The onset of puberty and pregnancy are associated with increased levels of estrogen. In contrast, the incidence of thyroid cancer was highest in the late 40s and early 50s (perimenopause) and decreased thereafter (postmenopause) [12] . During these periods, the estrogen levels start to decrease rapidly and level off. As a potential mechanism for the impact of estrogen on the increased risk of thyroid cancer, several experimental studies have shown that 17-estradiol (E2, predominant estrogen during reproductive periods) is a potent stimulating agent of both benign and malignant thyroid cells [16] [17] [18] . E2 acts via a classical genomic pathway mediated through the estrogen receptors  and  (ER and ER) and a non-genomic pathway by membrane-associated estrogen receptor [19] . Both pathways are operative in benign and malignant thyroid tissues, even though the detection of ERs in normal thyroid tissues, thyroid adenomas, goiters, and thyroid carcinomas by immunohistochemical staining or reverse transcription polymerase chain reaction varies between 0% and 100% of samples [18, 19] . Nevertheless, the influence of estrogen on the development of thyroid cancer is still unclear. Further detailed studies will be necessary to confirm the association between estrogen and thyroid cancer.
A family history of thyroid cancer was also found to be associated with an increased risk of thyroid cancer. The increased risk of differentiated thyroid cancer was associated with a family history of thyroid cancer from the previous observational studies [20] . In addition, a recent populationbased cohort study with 63,495 first-degree relatives of 11,206 non-medullary thyroid cancer patients reported a three-fold increase over the general population risk (standardized incidence ratio, 2.9; 95% CI, 2.4 to 3.4) [21] .
Interestingly, in contrast to most of common cancers, this study showed that smoking was associated with a decreased risk of thyroid cancer (ever-smoker vs. non-smoker; OR, 0.62; 95% CI, 0.44 to 0.86). This finding is consistent with those from previous meta-analyses of case-control studies. In 2003, a pooled analysis of 14 case-control studies reported a reduced risk of thyroid cancer in current smokers [22] . In addition, a recent meta-analysis published in 2014 demonstrated an inverse association in subgroup meta-analysis of case-control studies (ever-smoker vs. non-smoker; OR, 0.79; 95% CI, 0.70 to 0.88) [8] . Similarly, in a pooled analysis of five April 26, 2015) . prospective studies, smoking was associated with a lower risk of thyroid cancer in current smokers compared to never smokers (HR, 0.68; 95% CI, 0.55 to 0.85) [7] .
Several potential biological mechanisms have been suggested to explain the reduced risk of thyroid cancer in smokers. First, smoking can lead to lower levels of thyroid stimulating hormone (TSH), which plays an important role in the development of thyroid cancer [23] . Second, smoking has an anti-estrogenic effect, which can result in a reduced risk of thyroid cancer [19] . Finally, smokers are less likely to be overweight or obese, which might be associated with an increased risk of thyroid cancer. In 2012, a meta-analysis of seven cohort studies found that overweight and obesity were linked to an 18% increased risk of thyroid cancer in men and women [6] .
In the present findings, higher household incomes were more likely to have a decreased risk of thyroid cancer (> $3,706 vs. < $1,853; OR, 0.59; 95% CI, 0.36 to 0.98). On the other hand, previous studies have reported that higher socioeconomic status (SES) groups were more likely to show an increased risk of thyroid cancer compared to lower SES groups in the United States [24] . In particular, the incidence of thyroid cancer showed a less pronounced increase in low SES groups (6.7% per year) than that in the high SES groups (8.6% per year) in the United States. White Americans showed a steady increase in both the low and high SES groups, while African-Americans and Hispanics with a higher SES showed a more noticeable increase compared to the lower SES groups from 1995 to 2008 [24] . This issue may reflect the limitation in accessing health care services in low SES groups and minorities due to the low health insurance coverage [24] . This discrepancy cannot be explained at present; therefore, further studies will be required.
Additionally, alcohol consumption was found to be significantly associated with a decreased risk of thyroid cancer when the analysis was performed using the control group matched by sex as well as age and residential areas. This finding is consistent with those from the previous pooled analysis of five cohort studies published in 2012 [7] . The possible biological mechanisms include decreased levels of TSH and the direct toxic effects of alcohol consumption [25, 26] .
This study has several limitations. First, the thyroid cancer cases were not confirmed based on the medical records and chart reviews. The thyroid cancer cases were ascertained by a linkage to the KCCR database based on the ICD-O (code C73), which may lead to ascertainment bias. Therefore, the specific type of thyroid cancer could not be defined in each case. On the other hand, it would be reasonable to assume that most of the cases included in the present study were papillary thyroid cancers because 94.2% of all incident thyroid cancers from 1997 to 2011 were papillary thyroid cancer according to the Korea National Cancer Incidence Database [27] . Second, the controls were also not confirmed from their medical records and chart reviews. On the other hand, the possibility of ascertainment bias might be minimal, if any, because the KCCR database covers almost all incident cancer cases, including thyroid cancer nationwide in Korea. Therefore, there would be little likelihood of the thyroid cancer cases being included in the control group of this study. Third, due to a lack of data, this study was unable to investigate the influence of previous exposure to radiation on thyroid cancer, which is a proven risk factor for thyroid cancer. Finally, recall bias might still exist as some data were collected retrospectively. In addition, these findings might not be applicable to the general population because the participants included in this study were recruited from one specific hospital screening center.
To the best of the authors' knowledge, this is the second largest case-control study on the risk factors of thyroid cancer since Kreiger and Parkes's study in 2000 [28] . Therefore, this study provides more precision on this issue than most previous individual studies.
Conclusion
This hospital-based case-control study found that females, higher BMI, and those with a family history of thyroid cancer were significantly associated with an increased risk of thyroid cancer, whereas ever-smokers, drinkers, and those with higher household incomes were associated with a decreased risk of thyroid cancer. Nevertheless, these findings should be explored in further larger epidemiological studies with a higher level of evidence, such as prospective cohort studies.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
